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Description 

This invention relates to stripping and cleaning 
compositions that remove photoresist films and plasma 
etching residues simultaneously from a semiconductor s 
substrate. 

In the manufacture of microcircuits, positive resists 
are used as masking materials to form patterns onto the 
substrate during etching. One of the final steps in micro- 
circuit manufacturing is removal of this photoresist from 10 
the substrate. In general, this step is affected by two 
methods. One method involves chemically removing 1he 
photoresist from the imaged substrate in a process 
known as "wet stripping". The wet process entails ex- 
posing the wafer to a photoresist stripper that consists is 
primarily of an organic sorvent and an organic amine. 
However, irradiation of photoresists by UVor plasma en- 
ergy used during microcircuit fabrication causes the 
photoresist to become highly crosslinked and difficult to 
remove with stripper solutions. In addition, the chemi- 20 
cals used in wet stripping methods have been generally 
ineffective in removing inorganic residues lormed in an 
earlier plasma etching step. (These residues are some- 
times called "sidewall polymers".) 

An alternative method of removing photoresist in- 25 
volves exposing the photoresist -covered substrate to an 
oxygen plasma to burn the remaining photoresist from 
the substrate. This process Is known as oxygen plasma 
ashing. Recently, the oxygen plasma ashing method 
has become the preferred method for removal of pho- so 
toresist because oxygen plasma can easily bum highly 
crosslinked photoresists to COg and, thus, remove the 
photoresist film from the substrate. Also, this dry proc- 
. ess is carried out in a vacuum chamber and is less sus- 
ceptible to particulate or metallic contamination. How- 3S 
ever, sidewall polymers and other inorganic substances 
may still be present after the ashing process is com- 
plete. Hence, additional steps after oxygen plasma ash- 
ing are necessary to remove these residues completely. 

Although oxygen plasma ashing is effective in re- *o 
moving photoresist films as well as highly crosslinked 
photoresist materials, over-exposure of the oxygen 
plasma to wafer substrates could damage some device 
structures image- pattern iz ed onto the substrates. In ad- - 
dition, the over-exposure of the oxygen plasma ashing 45 
coutd make the plasma etching residues more difficult 
to remove from the substrates. Therefore, one preferred 
treatment today is to carefully apply the oxygen plasma 
ashing to partially remove the photoresist film and follow 
with a wet stripper/cleaner treatment to completely re- so 
move organic photoresists, as well as inorganic plasma 
etching residues in the final step. 

In the final step, removal of the partially removed 
photoresists and plasma etching residues is accom- 
plished by exposing the substrate to a stripping and ss 
cleaning composition. Several commercial products are 
available for this purpose. For example, EKC 265, ob- 
tained from EKC Technology, Inc., is a solution com- 



posed of water, alkanolamine, catechol, and hydroxy- 
lamine having a pH of about 12. Such a composition is 
disclosed in U.S. Patent No. 5,279,771 and 5,334,332 
to Lee. However, hydroxylamine is not stable upon heat- 
ing especially in alkaline pH region. ACT 930 is a clean- 
ing solution available from Ashland Chemical consisting 
of water, alkanolamine and catechol. R-10 (Mitsubishi 
Gas Chemical) is a cleaning solution composed o1 wa- 
ter," an alkanolamine, and sugar alcohol. 

These products are effective in removing most of 
the plasma etching residues, but are also known to 
cause some metal corrosion. The aqueous environment 
of these cleaners is thought to produce hydroxide ions 
which are effective at removing sidewall polymers, but 
cause undesirable corrosion of the metal substrate as 
a side effect. 

Several references exist in this application area. 
Japanese Patent Application No. 7-028254 assigned to 
Kanto Kagaku discloses a non-corrosive resist removal 
liquid comprising a sugar alcohol, an alcohol amine, wa- 
ter, and a quaternary ammonium hydroxide. 

U.S. Patent No. 4,239,661 to Muraoka et al. dis- 
close a surface treating agent comprising an aqueous 
solution of 0.01 to 20% trialkyl(hydroxyalkyl) ammonium 
hydroxide. This treating agent is useful for removal ol 
organic and inorganic contaminates deposited on the 
surface of intermediate semiconductor products. 

U.S. Patent No. 4,992,108 to Ward et al. discloses 
a non-aqueous biodegradable negative photoresist 
stripping composition containing a selected aromatic 
hydrocarbon solvent (e.g., diisopropylbenzene, dipropyl 
benzene, diethylbenzene, and the like), and selected ar- 
omatic sulfonic acids (e.g., benzene sulfonic acid; tolyi- 
sulfonic acid; naphthalene sulfonic acid; and dodecyl- 
benzene sulfonic acid). Other solvents, such as penta- 
nol, heptanol, octanol, dipentyl ether, etc., may be add- 
ed in minor amounts. 

U.S. Patent No. 5,472,830 to Honda discloses a 
non-corrosive photoresist stripping composition con- 
taining an organic polar solvent having a dipole moment 
of no more than 3.5, an amine compound, an amino acid 
having a hydroxyl group, and optionally water. 

The present invention is directed to a stripping and 
cleaning composition comprising: (1 ) water; (2) at least 
one amine compound; (3) at least one corrosion inhibitor 
selected from the group consisting of (a) quaternary am- 
monium silicate and (b) a catechol nucleus-containing 
oligomer having a molecular weight of about 220 to 
about 5,000; and (4) optionally a polar organic solvent. 

The stripping and cleaning composition of the 
present invention is useful in removing remaining pho- 
toresist films and plasma etching residues formed on a 
photoresist-coated silicon wafer following photoresist 
ashing. The components of the present composition in- 
clude water, at least one amine compound, and at least 
one selected corrosion inhibitor. Optionally, an organic 
solvent and a chelating compound may be added. 

Amine compounds useful in the composition of the 
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invention include primary amines, secondary amines, 
tertiary amines, and the like. Alkano famines are partic- 
ularly useful in the composition ol the invention, e.g., 
amines having a hydroxy group, such as monoeth- 
anolamine, 2-(2-aminoethoxy)ethanol, 2-(2-ami- s 
noethylamino)ethanol), and the like, it is also possible 
to use a combination of amines and alkanolamines. 
Preferably, a blend ratio of water to amine in the com- 
position at the invention is in the range ol about 10:90 
to about 90: 1 0, more preferably 20:80 to 60:40. 

As stated above, the corrosion inhibitors used in the 
stripper and cleaner compositions of the present inven- 
tion are either at least one quaternary ammonium sili- 
cate or at least one catechol nucleus-containing oli- 
gomer or mixtures thereof. Of course, these corrosion 
inhibitors may be used in combination with other con- 
ventional corrosion inhibitors used in the photoresist 
stripper and cleaner art. 

Suitable quaternary ammonium silicates include te- 
tramethylammonium siiicate. 

Some of catechol nucleus-containing oligomers 
useful in the composition of the invention are commer- 
cially available; for example, the following compounds 
are available from Honshu Chemical: 4,44(3, 4-dihy- 
droxyphenyijmethylenejbisp-methylphenol], trade 
name of Tris P-234, 4-(1 , ,3' J 4 , ,9 , a-tetrahydro-5 , J 6 , -dihy- 
droxyspirotcyclohBxane-I.Q'-fQHJxanthenl^'a^'HJ-yl)- 
1,2,3-benzenetriol, trade name ol Pyrogailol Flavan Z, 
and 4,4 , -[1,4-phenyienebis(1-methylethylidBne)bis 
[1 ,2,3-benzenetriol, trade name of Bis PG-P. 

In addition, more catechol nucleus-containing oli- 
gomers useful in the composition o1 the invention can 
be synthesized by addition-condensation reaction of 
catechol with formaldehyde or related aldehydes or ke- 
tones in the presence or absence of other phenolic com- 
pounds. The phenolic compounds added to catechol 
should prelerably have hydrophiiic groups to increase 
their solubility in the stripping and cleaning compositions 
of the invention of the resulting oligomers that have a 
molecular weight in the range of about 220 to about 
5,000. 

Preferably, the corrosion inhibitor is present in the 
composition of the invention in the range of about 0.01 % 
to about 1 0% by weight to a total weight of the compo- 
sition. 

Optional solvents useful in the composition of the 
invention include solvents comprising cyclic amides. Ex- 
emplary cyclic amides include Nnalkyl-2-pyrollidones (e. 
g., N-methylpyrroIidone, N-ethylpyrrolidone, N-pro- 
pyipyrrolidone, N-isopropylpyrrolidone, N-hydroxyethyl- so 
2-pyrrolidone), and 1,3-dialkyl-2-imidazolidinones. A 
suitable solvent mixture may be an admixture of N-hy- 
droxyethylpyrrolidone (HEP) and 1 ,3-dimethyl-2-imidi- 
zolidinone (DMI) wherein the mixing ratio of HEP to DMI 
is from about 95%:5% to about 5%: 95% by weight. Pref- ss 
erably, the solvent component of the composition com- 
prises about 1 0 to about 70 percent by weight ol the total 
composition. 



According to another preferred embodiment of the 
present invention, any optional chelating agent that may 
be solubiiized in the polar solvent may be used. Pre- 
ferred chelating agents include sugars such as glucose, 
fructose, and sucrose, or sugar alcohols, such as xylitol, 
mannitol, and sorbitol. » 

Various other ingredients known to those skilled in 
the art may optionally be included in the composition, e. 
g., dyes or colorants, wetting agents, surfactants, anti- 
fbamers and so forth. Generally the amount of each of 
these optional ingredients would be about 0.5% by 
weight, based on the total composition. 

The described stripping and cleaning composition 
is used in removing an organic polymeric material Irom 
a substrate. The method of the invention is carried out 
by contacting an organic polymeric material with the de- 
scribed stripping and cleaning composition. The actual 
conditions, i.e., temperature, time, and the like, may 
vary over wide ranges and are generally dependent on 
the nature and thickness of the organic polymeric ma- 
terial to be removed, as well as other factors lamiliar to 
those skilled in the art. In general, however, tempera- 
tures ranging Irom about 15°C to about 100 B C for a pe- 
riod of about 1 0 seconds to about 30 min utes are typical. 

A variety of means can be employed in contacting 
the organic polymeric material with the stripping and 
cleaning composition in the practice of the invention. For 
example, the substrate containing polymeric material 
can be immersed in a stripping and cleaning bath or the 
stripping and cleaning composition can be sprayed over 
the surface of the organic polymeric material, as will be 
apparent to those skilled in the art. 

The stripping and cleaning composition of the in- 
vention is effective in removing a wide variety of organic 
polymeric materials from substrates. Exemplary organic 
materials include positive and negative resists, electron 
beam resists, x-ray resists, ion beam resists, as well as 
organic dielectric materials such as polyamide resins, 
and so forth. Specific examples of organic polymeric 
materials which can be removed in the practice of the 
invention include positive resists containing phenol for- 
maldehyde resins or poly(p-vinylphenol); negative re- 
sists containing cyclized polyisoprene or poly(p-vinyl- 
phenol); and poiymethylmethacry late-containing re- 
sists. In particularly preferred embodiments of the inven- 
tion, the stripping composition has been found to be 
highly effective in removing positive resists containing 
phenol formaldehyde resins. The organic polymeric ma- 
terial can be removed from any of the conventional sub- 
strates known to those skilled in the art, such as silicon, 
silicon dioxide, silicon nitride, polysilicon, aluminum, 
aluminum alloys, copper, copper alloys, polyamides, 
and solorth. 

The following synthesis and examples are intended 
to illustrate the various aspects of the invention, but are 
not intended to limit the scope of the invention. All per- 
centages and parts are by weight and all temperatures 
are degrees Celsius unless explicitly stated otherwise. 
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Synthesis 1 

N-m8thyl-2-pyrroIidone (NMP), 110 grams, was 
placed in a 500 ml flask equipped with a mechanical stir- 
rer, a condenser, and a dropping lunnei, and the flask 
was heated to 70-75 B C with stirring. Catechol,. 110 
grams, was gradually added to NMP with stirring, fol- 
lowed by 65.5 grams of 36.7% aqueous formalin, added 
dropwise to the reaction solution over an hour. An aque- 
ous solution of 7.0 wt% oxalic acid (18.08 grams) was 
slowly added to the above solution for 30 minutes. The 
reaction mixture was heated at a refluxing temperature 
of water with stirring 1or an additional 8 hours, and then 
heated at about 110*C to remove water from the reac- 
tion solution by distillation. 

The resulting viscous solution was characterized by 
G PC (Gel Permeation Chromatography) to measure the 
molecular weight using a polystyrene standard reler- 
ence. A weight -average molecular weight of the reaction 
product was 1 ,758 with a polydispersity of 1 .71 . A solid 
content of the solution was 42 wt%. 

Example 1 

A stripping and cleaning solution was prepared by 
mixing DEGA and H ? 0 at 60:40 by weight ratio and add- 
ing the product obtained in Synthesis 1 as a solution to 
the DEGA/H 2 0 mixture at 10 wt%. 

Al-Si-Cu deposited walers were immersed in the 
above solution for 60 minutes at room temperature, and 
followed by deionized water rinse for 1 minute. The sur- 
face resistance of the wafer was measured with Prome- 
trix VP 10 before and after the stripping test so that a 
film loss of Al-Si-Cu layer deposited on wafers was de- 
termined. 

The resistance test result showed that no film loss 
of Al-Si-Cu was observed with the above-described 
stripping and cleaning composition. 

The stripping and cleaning test of photoresists and 
plasma etching residues was carried out with a wafer 
having a multilayer of a positive photoresist/SiOg/TiN/ 
Al-Si-Cu patternwise deposited onto a silicon substrate. 
The top layer of photoresist was partially removed by 
oxygen plasma ashing. The thus prepared wafer was 
immersed in the above-mentioned solution at 80°C for 
30 minutes with no agitation, followed by I PA (isopropyl 
alcohol) rinse for 60 seconds and further H2O rinse for 
5 minutes at room temperature. 

The wafer was analyzed by a field emission type 
scanning electron microscope (SEM). The photoresists 
and plasma etching residues were completely removed 
and the metal layers of Al-Si-Cu and TIN were not sig- 
nificantly attacked under this condition. 

Comparison 1 



6 

corrosion inhibitor was added. The stripping test was 
conducted according to the same method as described 
in Example 1. SEM analysis showed severe metal cor- 
rosion and complete removal ol the plasma etching res- 
5 idues and photoresists. 

While the invention has been described above with 
relerence to specific embodiments thereof, it is apparent 
that many changes, modifications and variations can be 
made without departing from the inventive concept dis- 
closed herein. Accordingly, it is intended to embrace all 
such changes, modifications and variations that fall 
within the spirit and broad scope of the appended 
claims. 
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Claims 

1. A stripping and cleaning composition, character- 
ised in that it comprises: 

20 

(A) water; 

(B) at least one amine compound; 

(C) at least one corrosion inhibitor selected 
from (a) quaternary ammonium silicate and (b) 

2s a catechol nucleus-containing oligomer having 

a molecular weight of 220 to 5,000; 
and 

(D) optionally a polar organic solvent. 

30 2. The stripping and cleaning composition of claim 1 
characterised in, that said amine compound com- 
prises at least one alkanolamine.'. 

3. The stripping and cleaning composition of claim 2 
35 characterised in that said alkanolamine is selected 

from monoethanoiamine, 2-(2^minoethoxy)etha- 
nol, and 2-(2-aminoethyl-amino)ethanol. 

4. The stripping and cleaning composition of any pre- 
40 ceding claim characterised in that said polar organic 

solvent is selected from cyclic amides. 

5. A method of removing photoresist films and/or etch- 
ing residues from a semiconductor substrate, by 

45 treating the substrate with a composition according 
to any preceding claim. 
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A reference stripping solution was prepared accord- 
ing to the steps outlined in Example 1 except that no 
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